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Abstract 
An evaluation of a pulsed-eurrent resistance meter 
("Shigometer®", Model No. 7950) for facilitating detection of 
decay was performed on wood blocks of giant sequoia 
heartwood and of white fir sapwood. As decay progressed 
over a 12-week incubation period, a trend of lower meter 
readings was obtained, confirming reported field 
measurements of other workers. Variability in meter readings 
in situations where the range in resistance readings between 
sound and decayed wood is narrow (e.g., giant sequoia 
heartwood) and apparent inability of the meter to make 
readings necessary to diagnose dec.ay at MCs common to 
wood in service without ground or water contact are 
considered to be the major limitations of the instrument. 
Shortcomings of the instrument, along with suggestions for 
improvement in meter design, are discussed. 
PREVIOUS REPORTS have shown that the pulsed­
current resistance meter, (manufactured by Northeast 
Electronics, Concord, New Hampshire; commonly 
referred to as the "Shigometer®"), facilitated detection 
of decay in several tree species (6, 9, 11, 12, 13). The 
meter has also been reported to provide information 
necessary for assessing levels of stress and vigor in 
some hardwood tree species (16). The degree of 
resistance to a pulsed electric current in progressive 
stages of decay and discoloration reportedly (2, 13) is 
affected by: 
1) concentration of mobile cations in wood; as wood 
discolors and decays, the concentration of cations 
(primarily potassium, calciwn, manganese, and 
magnesium) increases and resistance decreases, 
2) ion conductivity of wood, and 
3) the amount of free water available in wood for ion 
movement. 
It has been reported that physical characteristics such 
as specific gravity (SG) and wood structure may affect 
meter readings (12). 
As part of a study funded by the National Park 
Service to investigate factors associated with tree 
failure of giant sequoia (7), preliminary field trials 
were made to determine if the meter could facilitate 
detection of decayed giant sequoia wood. Ability to 
detect decayed and discolored wood in giant sequoia 
had not been previously tested, but the inventor stated 
in a personal communication (8) that, "Indeed the 
meter would detect decay in giant sequoia." 
When we applied the meter to several fallen giant 
sequoia trees in locations both near and far from 
obvious advanced heart rot, low readings (below the 
range of readings indicated in the literature supplied 
with the meter as indicative of decay in some 
heartwoods) were obtained for both sound and decayed 
heartwood and sapwood. Furthermore, readings in 
sound heartwood were lower than those in decayed 
heartwood, which was the opposite of the expected 
relationship. Unfortunately, no previous data on 
application of the meter to giant sequoia were 
available to explain this apparent inability of th~t_ 
meter to aid us in detecting decay in giant sequoia 
heartwood. Rather than simply discarding the meter 
as being inapplicable to the material we were attempt­
ing to survey, laboratory tests were developed to 
evaluate the effectiveness of the meter for detecting 
known degrees of decay in giant sequoia heartwood (a 
wood with low decay susceptibility and high extractive 
content) and white fir sapwood (a wood with high 
decay susceptibility and low extractive content), under 
moisture conditions which could be considered typical 
of wood both in the standing tree and in service. The 
latter was considered important because of the great 
need for a reliable, rapid method of determining the 
presence of both active and inactive infections of 
decay fungi in wood in service. 
The authors are respectively, Graduate Research Assis· 
tant and Associate Forest Products PatholQgist, Forest Prod. 
Lab. Univ. of California, Berkeley, Calif. This research was 
suppOrted in part by a grant from the National Park Service 
and Mcintire Stennis. We thank N. Oldham Staff Research 
Associate, Forest Prod. Lab., Univ. of California,.. Berkeley, 
for laboratory assistance, D. G. Arganbright ox the same 
organization for review of the manuscript and M. Sweeney,
Senior Electronics Technician of the same organization, for 
technical advice. This paper was received for publication in 
December 1976. 
® PIIRTO and WILCOX 1978. 
JANUARY 1978 52 
Materials and Methods blocks (first group) were equilibrated in the con­
ditioning room as before, reweighed, and weight lossForty blocks (1 by 1 in. by 3/8 in. along the grain) 
was recorded. The remaining five blocks (secondfrom the outer heartwood of the lower stem (above the 
group) were used for meter and moisture content (MC) butt swell) of a recently fallen old-growth giant 
determinations. Holes (the entire depth of the block) sequoia [Sequoia gigantea (Lindl.) Decne.] and 40 
were drilled in the radial direction in the second group blocks (1 by 1 in. by 3/8 in. along the grain) of white 
of five blocks. Meter readings and weight were thenfir sapwood [Abies concolor (Gord. & Glend.) Lindl.] 
recorded for each of the blocks in the second group: were brought to an equilibrium moisture content in a 
conditioning room set for 80°F and 70 percent relative 1) immediately after removal from the decay 
humidity (RH), weighed, autoclaved, and placed in chambers (M1), 
soil-block decay chambers. The decay chambers were 2) immediately after removal from the decay 
prepared according to ASTM Standard D2017-71 chambers with the hole wetted to refusal with 
except that the percentage of water in the bottled soil deionized water (M2), 
was 140 percent of the waterholding capacity, and 3) after the blocks had been air-dried and recon­
white fu feeder blocks were used (1). The blocks were ditioned (M3), and 
subjected to the decay fungus Poria monticola Murr. 4) after the blocks had been air-dried and recon­(from Madison 698; now called Poria placenta (Fr.) ditioned with the hole wetted to refusal withCook by the U.S. Forest Service) for a maximum of 12 deionized water (M4).
weeks. At 3-week intervals, 10 of the decayed blocks 
The meter (Model No. 7950, Serial No. 107) used in thiswere taken out of the decay chambers. Five of the 10 
test was purchased in J anuary 1975. 
Table L- PULSED-CURRENT RESISTANCE METER EVALUATION RESULTS­
GIANT SEQUOIA HEARTWOOD. 
Wt. lo88 Meter Meter readings1 MC (%)' 
Category 
specimen 
No. 
Wt. loss 
(%) 
specimen 
No. M1 M2 M3 M4 MC1 MC2 MC3 MC4 
3Weeks 1 0.88 6 70 75 - • 260 74 79 14 21 
non­ 2 0.91 7 85 95 200 68 72 14 25 
inocu­ 3 0.88 8 45 55 110 112 111 14 21 
lated 4 0.85 9 110 85 250 60 65 14 22 
X' 
5 0.44
-0.79 
10 95 
81 
100 
82 
370 
238 
65 
76 
71 
80 
14 
-
14 
27 
23 
Std. dev. 0.20 25 18 95 21 18 0 3 
· 3 Weeks 11 3.o7 16 70 45 230 48 50 14 31 
Poric. 12 4.17 17 65 37 235 53 55 14 31 
monticola 13 2.64 18 50 45 225 58 62 14 31 
14 3.82 19 65 70 310 51 55 14 82 
15 4.23 20 50 45 
-
215 53 55 14 27 
-x 3.59 60 48 243 53 55 14 30 
Std. dev. 0.70 9 13 38 4 4 0 2 
6Weeks 21 14.15 26 70 65 160 53 58 14 25 
Poria 22 10.65 27 40 15 125 72 76 15 23 
monticola 23 15.96 28 60 20 125 57 61 15 29 
24 15.16 29 95 65 240 52 56 14 24 
25 12.91 30 50
-
25 100 61 63 15 27 
x 13.77 63 38 150 59 63 15 26 
Std. dev. 2.08 21 25 55 8 8 1 2 
9 Weeks 31 29.70 36 9 4 17 97 104 20 28 
Poria 32 22.35 37 8 4 18 82 90 19 24 
monticola 38 20.32 38 12 8 80 70 77 18 23 
34 26.58 89 9 5 29 91 98 20 26 
35 24.81 40 10 6 25 67 72 18 23 
-x 24.75 10 5 34 81 88 19 25 
Std. Dev. 3.65 2 2 26 13 14 1 2 
12 Weeks 41 39.50 46 5 4 95 105 108 18 25 
Poria 42 81.24 47 5 3 75 123 126 18 29 
montico/4 43 38.22 48 4 3 24 115 120 17 25 
44 22.89 49 5 3 19 109 114 19 26 
45 39.66 50 4 3 28 136 145 18 26 
-x 34.30 5 3 48 118 123 18 26 
Std. dev. 7.26 1 0.4 34 13 14 1 2 
'where: X = Mean; Std. dev. = Standard Deviation. 
'in kO where: 
M1 = Meter measurement immediately after removal &om the decay chambers. 
M2 = Meter measurement immediately after removal &om the decay chambers with _the hole wetted with deionized 
water. 
M3 = Meter measuremen t after the blocks had been air-dried and reconditioned. 
M4 = Meter measurement after the blocks had been air-dried and reconditioned with the hole re-wetted with deionized 
water. 
'MC1 through MC4 correspond with meter readings M1 through M4. 
'Measurement attempted, but meter did not register. 
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Ten matched blocks from the same wood source· as 
the decayed blocks served as noninoculated controls 
and were taken out of sterile soil-block test chambers 
at the end of the first 3-week period. These blocks were 
then handled in the same manner as the decayed 
blocks with regard to weight loss, meter, and MC 
readings. 
Ash content was determined for both giant 
sequoia heartwood and white fir sapwood at each time 
interval following the procedures outlined in TAPPI 
Standard T15M58 (15). The five weight-loss blocks in 
each category served as the source material for this 
determination. Average ash content values of decayed 
tissues were adjusted by the average weight loss 
values to account for loss of cell wall material during 
decay (see footnote Table 3). 
Results 
Results of the experiments where meter readings 
were taken in progressive stages of decay are shown in 
Tables 1 and 2. The tabulated meter readings indicate 
that the pulsed-current resistance meter demonstrated 
some capability for facilitating detection of decayed 
wood in both giant sequoia and white fir. 
As decay progressed over the 12-week test period, a 
trend of lower meter measurements was obtained. This 
result agrees with previous reports that state that 
decayed wood is not detected on the basis of absolute 
meter measurements but on the trend of decreasing 
meter measurements when compared with sound wood 
(11). Unfortunately, the difference between sound and 
decayed readings in giant sequoia heartwood was 
considerably less than that between sound and 
decayed readings in white fir sapwood. However, giant 
sequoia heartwood also experienced less weight loss at 
each incubation period than did white fir sapwood. 
The meter was unable to register a reading in 
blocks after they were allowed to air-dry (M3) unless 
the hole was rewetted with deionized water (M4). The 
Table 2.- PULSED-CURRENT RESISTANCE METER EVALUATION RESULTS­
WHITE FIR SAPWOOD. 

Category 
Wt. loss 
specimen 
No. 
Wt. losa 
(%) 
Meter 
specimen 
No. Ml 
Meter readings' 
M2 M3 M4 MC1 
MC (%), 
MC2 MC3 MC4 
3 Weeks 51 0.00 56 • 290 
-· 
400 29 34 15 22 
non· 52 0.00 57 180 285 32 37 15 23 
inocu· 53 0.00 58 170 200 29 34 15 22 
Iated 54 0.00 59 275 260 29 33 15 22 
x• 
55 0.00 
0.00 
60 140 
211 
200
-269 
30 
30 
36 
35 
15
-
15 
21 
-
22 
Std. dev. 0.00 67 82 1 2 0 1 
3 Weeks 61 39.91 66 35 5 23 142 148 18 '1:7 
Poria. 62 44.68 67 35 5 18 114 118 18 24 
monticola. 63 44.12 68 20 5 15 118 124 18 25 
64 43.24 69 13 4 21 132 138 18 24 
65 40.00 70 18 5 34 134 142 18 29 
x 42.39 24 5 22 128 134 18 26 
Std. dev. 2.28 10 0.4 7 12 13 0 2 
6 Weeks 71 60.14 76 11 5 17 153 146 18 30 
Poria. 72 60.08 77 6 4 22 164 165 18 31 
monticola. 73 60.94 78 7 5 17 146 143 17 28 
74 59.79 79 7 4 39 150 148 18 25 
75 59.05 80 8 5 23 132 130 18 24
-x 60.00 8 5 24 149 146 18 28 
Std. dev. 0.68 2 1 9 12 13 0.4 3 
9 Weeks 81 61.26 86 9 2 11 157 158 22 27 
Poria 82 63.31 87 4 2 21 187 192 21 22 
mon«cola 83 64.05 88 5 3 7 156 157 21 25 
84 64.17 B9 5 3 11 171 175 22 25 
85 63.98 90 6 
-
3 
-
19 151 
-
155 22 24 
-x 63.35 6 3 14 164 167 22 25 
Std. dev. 1.22 2 1 6 15 16 1 2 
12 Weeks 91 65.54 96 5 3 80 163 168 19 22 
Poria 92 66.02 97 5 4 40 180 183 18 22 
monticola. 93 64.95 98 5 3 100 166 172 19 22 
94 65.71 99 5 4 80 165 167 18 20 
95 65.48 100 6 3 50 162 166 19 35 
-x 65.54 5 3 70 167 171 19 24 
Std. dev. 0.39 0 1 24 7 7 1 6 
'where: X : Mean; Std. dev. =Standard Deviation. 
'in kn where: 
Ml : Meter measurement immediately after removal from the decay chambers. 
M2 " Meter measurement immediately after removal from the decay chambers with the hole wetted with deionized 
water. 
M3 = Meter measurement after the blocks had been air dried and reconditioned. 
M4 =Meter measurement after the blocks had been air dried and reconditioned with the hole re-wetted with deionized 
water. 
'MCl through MC4 correepond with meter reading M1 through M4. 
•Measurement attempted, but meter did not register. 
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meter readings for the air-dried and rewetted blocks 
(M4) generally were higher than the meter readings on­
the same block when taken immediately after removal 
from the decay chambers (Ml) as well as after water 
was added (M2). The trend for decayed wood to show 
lower meter readings than does sound wood existed in 
the rewetted blocks, but it was not as strong as with 
blocks freshly out of the decay chambers. Wetting 
slightly decreased the resistance measurements of the 
blocks immediately after they were removed from the 
decay chambers (M2), but was required in order to 
obtain any resistance measurements in the dried 
blocks (M4). 
The MCs of the dried blocks after equilibration 
(Tables 1 and 2, column MC3) suggest that the 
hygroscopicity of the wood may have increased during 
progressive decay. 
Ash content values of giant sequoia heartwood 
and white fir sapwood are shown in Table 3. These 
data confirm previous reports (10, 13, 14) that as decay 
progresses ash content increases. Ash content (%) 
increased 67 percent in going from zero to 34 percent 
weight loss in giant sequoia heartwood, and 146 
percent in going from zero to 66 percent weight loss in 
white fir sapwood. 
Discussion and Conclusions 
The large variability in readings (see Tables 1 and 
2, meter readings Ml , M2, and M4), particularly in 
sound wood from the same general location in one tree, 
is perhaps the greatest shortcoming of using this 
meter to detect decay. While this variability may not 
affect the recognition of decay in white fir where the 
range of readings between sound and decayed wood is 
large, it does affect measurements made in giant 
sequoia heartwood, where the range is much smaller 
than that for white fir. In the case of giant sequoia 
heartwood blocks measured fresh from the decay 
chambers (Table 1, column Ml), differentiation 
between sound and decayed wood was relatively 
distinct. However, with alteration of the MC (Table 1, 
column M4), this differentiation became more difficult. 
Because MC may vary greatly both in the standing 
tree and in some wood in service, variability in meter 
readings as a result of differences in MC is a 
considerable disadvantage. 
Because the meter readings (see Tables 1 and 2) 
obtained in sound giant sequoia heartwood (with high 
extractive content) were much lower than were those 
in sound white fir sapwood (with very low extractive 
content), it is possible that extractives lower the 
resistance of wood to pulsed electric currents. Such a 
conclusion would apparently conflict with a previous 
report (11), which indicated that heartwood of white 
pine, red oak, and black walnut possessed higher 
resistance to pulsed electric currents than did the 
adjacent sapwood, presumably with much lower 
extractive content. Shigo and Shigo (11) suggested 
that the differences in readings between sapwood and 
heartwood in these three species were due to 
differences in cation content, but it seems likely that 
extractives may play a role as well. On the other hand, 
these three species all appear to have lower extractive 
contents than does giant sequoia heartwood (4) and 
the extractives in giant sequoia are largely water 
soluble (7), which could affect resistance. 
Although the meter was developed from studies on 
living trees, an area of probably greater potential 
application is in the accurate detection of decay of 
wood in service. Because most wood in service, at least 
in the absence of ground or wate.r contact, normally 
will be so dry that wetting of the hole is required 
before a reading mr..y be made with the meter (Tables 1 
and 2, meter readings M3 and M4), the overriding 
effect of the amount of added water on the values 
obtained when taking readings in dry wood is 
considered a critical defect of this method of detecting 
decay. For example, the blocks were in a similar 
condition, except for MC, for readings M2 and M4 
(Tables 1 and 2), while the resulting meter readings 
were substantially different, being generally higher at 
the lower MC. Certainly, wood undergoing active 
decay must be at MC above the fiber saturation point; 
however, to rely solely upon differences in MC for 
decay detection would be to use the meter simply as a 
moisture meter and presumably would miss detection 
Table 3. - ASH CONTENT (% OF CALCULATED INITIAL OVENDRY (0D) WEIGHT OF WOOD) OF GIANT 

SEQUOIA HEARTWOOD AND WHITE FIR SAPWOOD IN VARIOUS STAGES OF DECAY. 

Giant sequoia heartwood White fir sapwood 
Incubation 
period 
wk. 
Average 
weight 
lose 
(%) 
Decayed 
weight 
before 
ashing 
OD 
(g) 
Calculated1 
original 
weight 
OD 
(g) 
Ash 
content 
(g) 
Ash 
content' 
(%) 
Average 
weight 
loss 
(%) 
Decayed 
weight 
before 
ashing 
OD 
(g) 
Calculated' 
original 
weight 
OD (g) 
Ash 
content 
(g) 
Ash 
content' 
{%) 
0 0.79 9.7898 9.8677 0.0482 0.488 0.00 10.1551 10.1551 0.0347 0.342 
3 3.59 9.5240 9.8786 0.0498 0.504 42.39 5.5326 9.6035 0.0854 0.889 
6 13.77 8.4797 9.8338 0.0638 0.649 60.00 3.8961 9.7402 0.0812 0.834 
9 24.75 7.0786 9.4067 0.0598 0.636 63.35 3.4471 9.4054 0.0829 0.881 
12 34.30 6.4873 9.8741 0.0804 0.814 65.54 3.3847 9.8221 0.0827 0.842 
'Calculated ori . al wei ht (OD) = Decayed weight before. ashing (OD) 
gm g _ Avg. we~gbt loss (%)
1 100 
Ash content (g) " 
'Ash content (% of original OD weight) 100Calculated original weight (OD) 
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of prior decay which has subsequently dried. The 
detection of past decay infections, or hidden defects, in 
wood in service is one of the areas where the wood 
diagnostician needs the greatest assistance. Perhaps 
with the development of standardized moisture control 
techniques, the pulsed-current resistance meter could 
be made useful for application to routine decay 
detection in wood in service. However, success in this 
regard may be difficult in light of the fact that Couture 
and Hill (3) have reported that using a pulsed electric 
current improves the sensitivity of resistance-type 
moisture meters to MC differences relative to conven­
tional, continuous current meters. To make the meter 
more applicable to wood in service it would appear 
necessary to decrease its effectiveness as a moisture 
meter and increase its sensitivity to whatever factors 
are involved in its ability to facilitate detection of 
decay. 
Another area of concern with regard to the 
effectiveness of the meter for wood in service is the 
possible effect of the presence of ionized material in 
the wood on variability in meter readings. Although 
the meter has been shown to be effective in detecting 
decay in creosote-treated utility poles (11), it is 
expected that inorganic materials present in wood 
treated with fire retardants or water-borne preser­
vative salts could substantially affect meter readings 
in the same manner as the increasing ash content of 
decaying wood appears to affect the readings. In this 
regard, James (5) reported that water-soluble salt-type 
wood preservatives had a substantial effect on the 
accuracy of electric moisture meters. Caution should 
be taken in relying upon the meter in such 
applications until it has been shown to be effective in 
salt-treated material. 
Thus, our inability to obtain with the meter the 
information we considered necessary to determine the 
presence or absence of decay in giant sequoia trees 
may be explained on the basis of instrument variabili­
ty and the narrow range in resistance between sound 
and decayed wood in this species. The necessity of 
adding water to air-dry wood (an MC equivalent to 
that of wood in service without ground or water 
contact) in order to obtain a reading, and the variable 
effect that MC appears to have on meter readings (see 
Tables 1 and 2) are considered to seriously hamper the 
effectiveness of the meter, in its present form, with 
regard to its application to such wood in service. 
The demonstration that absolute ash content of 
the residual wood increased as decay progressed 
(Table 3) is of great interest. Such a trend had been 
proposed by Shigo as the major principle upon which 
the meter functioned in facilitating detection of decay, 
and these results are consistent with that concept. A 
logical assumption is that these mineral elements were 
translocated from the soil by the decay fungus into the 
wood, but little is known about the ability of decay 
fungi to accomplish this. Clearly such minerals are not 
required for decay, since wood not in soil contact is 
capable of decaying if provided only with sufficient 
water and inoculum. This appears to be an interesting 
subject for further research. 
Although the meter appeared to demonstrate a 
capability of aiding detection of decay, our instrument 
has several shortcomings which may affect its 
usefulness under field conditions: 
1) 	Multiple contact points exist on the probe, which 
affect the readings obtained. When the probe was 
placed into blocks with the hole only half the 
depth of the block (and the probe touching the 
bottom of the hole), different meter measurements 
were obtained than when the probe was placed 
into blocks with the hole the entire depth of the 
block, thereby allowing the tip of the probe to be 
removed from contact with a wood surface. 
2) The wire probe is not sturdy enough. Reshaping 
and cleaning of the probe was necessary after each 
resistance measurement. Constant reshaping and 
cleaning may eventually result in deterioration of 
the coating which insulates the probe. 
3) The plug on the probe cable does not connect 
firmly to the instrument, requiring occasional 
jiggling of the cable and connections to obtain 
readings. · 
4) 	Weak batteries caused the meter to drift, affecting 
the resistance readings obtained. The meter should 
be equipped with a battery check indicator. The 
minimum voltage per battery required to operate 
the meter accurately should be specified. 
5) MC of wood directly affects the resistance 
readings obtained (compare meter readings M2 
and M4, Tables 1 and 2). As wood was rewetted, 
the length of time between rewetting and 
resistance measurement affected the readings 
obtained. The amount of water delivered to dry 
wood also affected the ultimate resistance value 
obtained. Since the magnitude of the effect 
decreased as decay progressed, permeability and 
hygroscopicity appear to affect readings in 
rewetted wood as well. Specified standards should 
be developed for use of the meter in wood in service 
and in wood that is below the fiber saturation 
point. 
6) Variability in resistance measurements developed 
when the scale of measurement was changed (e.g., 
500 kilohms (kn) to 50 kn). Samples giving 
readings in the 50 to 80 kn range on the 500-kn 
scale registered between 30 and 45 kn on the 50-kn 
scale. 
7) 	The meter registers from 500 to zero rather than 
from zero to 500. Thus, it is impossible to 
distinguish between moist sound wood with 
greater than 500 kn readings and dry wood in any 
degree of decay (no longer active) as both 
registered above the 500 kn mark. In the first case 
needle position represents a 500+ reading, while in 
the second it represents no reading at all. 
8) There appears to be wasted space in the meter 
design and thus it could be made more compact, 
which would be a decided advantage for field 
applications. Also, it appears that the housing 
could be constructed more sturdily to assure that it 
will withstand rough field use. 
9) Portable battery drills are themselves bulky items 
to transport and lack sufficient power to be 
operated efficiently on large trees. 
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10) 	It is difficult to accurately assess with drilled holes 
the depth of the hole and the wood characteristics 
at the points where meter measurements are being 
made (e.g., earlywood or latewood, heartwood or 
sapwood). 
Improvements for the meter suggested to the manufac· 
turer are as follows: 
l} reconstructing the instrument so that it is smaller 
and more durable, 
2) 	developing a stainless steel shaft to enclose the 
wire probe or a stainless steel shaft probe with 
spring loaded contact points on the shaft; in either 
case the probe should be adaptable to use with 
either an increment borer or drill to make it more 
applicable to forest conditions, 
3) 	redesigning the meter with only one scale, which 
registers measurements from the zero to 500 
position rather than from the 500 to zero position, 
4) improving electrode connection design, and 
5} equipping the meter with a battery check indicator 
showing a specified voltage range within which 
meter accuracy is assured. 
It is hoped that the suggestions offered by this 
research may lead to improvements in either this or 
similar types of decay detectors. The need for an 
accurate sensing device for decay is of considerable 
importance both in hazard tree detection and in early 
detection and evaluation of decay in wood in service. 
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